Thirty beef cows, approximately 3 yr of age, were randomly assigned to be slaughtered on d 7, 14, 28, 42 or 56 postpartum. Each cow suckled one calf until slaughter. Data from cows slaughtered on d 42 and 56 were pooled and further classified as anestrous or cyclic based on the presence of a corpus luteum and elevated serum concentrations of progesterone at slaughter. Specific binding of [3Hlnaloxone (3H-NAL) to homogenates of tissue from hypothalamus (HYP), preoptic area (POA) and basal forebrain (BF) was assessed using multiple-point Scatchard analyses. Nonspecific binding was estimated in the presence of 10 _6 M naloxone. Separation of bound from free 3H-NAL was achieved by centrifugation at 20,000 X g. Concentration (fmol/mg original tissue wet wt) of 3H-NAL binding sites in POA tissue was higher (P < .05) on d 28 postpartum in anestrous cows than in cyclic cows on d 42 + 56 postpartum (2.58 -+ .32 vs 1.58 +-.10). When all anestrous cows were compared with cyclic cows, concentrations of 3H-NAL binding sites in POA tissues and in BF tissue were higher (P < .05) in anestrous cows (anestrous POA, 2.12 -+ .17, cyclic POA, 1.58 -+ .10; anestrous BF, 2.94 -+ .41, cyclic BF, 2.19 -+ .16). Compared across brain regions for all cows, the concentration of specific binding sites for 3H-NAL was greater (P < .01) in BF (2.5 -+ .2) than in POA (1.9 -+ .1) and greater (P < .01) in POA than in HYP (1.5 -+ .1). In summary, tissue concentration of 3H-NAL binding sites was higher in POA and BF tissues of suckled cows that were anestrous than in suckled cows that were cyclic. In addition, binding sites for 3H-NAL were more concentrated in neural tissue of the BF than in tissues of POA and HYP.
Introduction
Following parturition, suckled beef cows commonly experience prolonged periods (46 to 106 d) of reproductive acyclicity referred to as postpartum anestrus (Casida, 1968) . Secretion of luteinizing hormone (LH) is reduced during postpartum anestrus (Radford et al., 1978; Williams and Ray, 1980; Peters, 1984) , and increases in LH secretion seem to be necessary prior to the resumption of estrous cycles (Rawl- . ings et al., 1980 Peters and Lamming, 1984; Schallenberger, 1985) . Early during the postpartum period (i.e., 10 to 20 d), LH secretion seems to be low due to a deficiency in pituitary secretory capacity, as demonstrated by reduced LH responses to gonadotropin-releasing hormone (GnRH) when administered either in vivo (Webb et al., 1977, Inskeep and Lishman, 1979) or in vitro (Moss et al., 1985; Leung et al., 1986) . This deficiency in LH secretory capacity is related to reduced content of LH in the pituitary and not to any reduction in binding sites for GnRH (Moss et al., 1985) . Later during the postpartum period, LH secretion remains low, although the LH secretory capacity of the pituitary has recovered; reduced secretion of GnRH is hypothesized as the cause (Malven, 1984) . Endogenous opioid peptides (EOP) have been implicated in the inhibition of LH release in several species (Pfeiffer and Herz, 1984; Malyen, 1986 ). These EOP appear to reduce LH release primarily by reducing hypothalamic GnRH secretion (Blank and Roberts, 1982; Cicero et al., 1985) . During the postpartum 954 J. Anim. Sci. 1988.66:954-960 period, injection of the opioid receptor antagonist naloxone increases concentrations of LH in cattle and sheep (Gregg et al., 1986; Whisnant et al., 1986a,b,c; Malven and Hudgens, 1987) , indicating that postpartum inhibition of LH is mediated by EOP. Such naloxone-reversible inhibition of LH release by EOP in postpartum cows indicates that opioid receptors exist in LH-regulatory neuronal systems and that unidentified EOP act at those opioid receptors. One objective of this study was to develop and validate methods to estimate in the bovine brain opioid receptors as specific binding sites for [3 H] naloxone (3H-NAL) in those tissues that in rodents have been implicated in opioid modulation of LH release (Kalra and Leadum, 1984; Ragavan et al., 1986) . A second objective was to quantify affinity and tissue concentration of specific binding sites for 3H-NAL in brain tissue of suckled beef cows during postpartum anestrus and resumption of estrous cycles.
Materials and Methods
Animals. Brain tissues were obtained from 30 postpartum beef cows used in an experiment described in detail by Leung et al. (1986) . The cows were approximately 3 yr old at parturition, which occurred between July 1 and 24, 1982. Each cow suckled one calf until slaughter. Cows were randomly assigned to be slaughtered on d 7 (n ---6), 14 (n = 6), 28 (n = 4), 42 (n = 8) and 56 (n = 6) postpartum.
Naloxone Binding Assay. Brain tissue was collected and stored (-20 ~ C) for 3 to 4 mo prior to transfer to Purdue University and subsequently stored at -80 ~ C for approximately 3 yr. A fragment of dissected brain tissue containing the hypothalamus (HYP) and preoptic area (POA) was limited by the rostral border of the optic chiasm, caudally by the mammillary bodies, dorsally by the thalamus and laterally by the hypothalamic sulci. Fragments designated HYP and POA were separated by division at the caudal border of the optic chiasm. The basal forebrain (BF) was taken from the ventral surface of the brain, extending from about 4 mm rostral to the rostral border of the optic chiasm forward to the midline separation of the cerebral hemispheres. The ~TRI-CARB 460-C Liquid Scintillation System, Packard Inst. Co., Downers Grove, IL. fragment designated BF was limited laterally by extension of the cuts along the hypothalamic sulci and extended dorsally to the level of the anterior commissure.
Binding assays for dissected tissues were modified from those of Terenius (1973) to optimize specific binding. Brain tissue was weighed immediately after dissection and homogenized in 20 to 30 volumes of 40 m/r Tris-HC1 buffer (pH 7.4). Homogenization was performed using a Brinkmann Polytron at setting 3.5 for 15 s. The tissue homogenate then was centrifuged at low speed (1,000 x g) for 20 rain, and the resulting pellet was discarded. The supernatant fluid was centrifuged at 20,000 x g for an additional 20 min. This pellet, containing plasma membrane fragments, was resuspended in an appropriate volume of Tris-HC1 buffer so that the working concentration of the tissue homogenates ranged between 15 and 40 mg original wet tissue equivalents/100 #1 buffer. Aliquots of 100 /al of tissue homogenate were added in duplicate to polypropylene tubes containing either 100/ll of buffer (to estimate total binding) or 50 #I of buffer plus 50 #1 of 5 • 10 -6 M naloxone in buffer (to estimate nonspecific binding). Following the addition of homogenate to the assay tubes, 50 #1 of buffer containing approximately 10,000 to 100,000 cpm of 3H-NAL was added, resulting in a final volume of 250 #1 and concentrations of 3H-NAL ranging from approximately 6.7 • 10 -1~ to 6.7 • 10 -9 M. Assay tubes were incubated at 4 ~ C for 2 h. Separation of 3H-NAL bound to plasma membranes from free 3H-NAL was achieved by centrifugation at 20,000 • g for 20 min. The resulting pellet, which contained the membranes, was rinsed twice with 3 ml of buffer and resuspended in .5 ml of buffer. This suspension was transferred to a counting vial using three, 3.3-ml volumes of liquid scintillation counting cocktail to rinse the assay tube. Radioactivity was counted in a liquid scintillation system s with a counting efficiency of 40%.
Statistical Analysis. Data from cows were grouped according to postpartum day of slaughter and the presence of a corpus luteum and elevated serum concentrations of progesterone at slaughter (classified as cyclic). Cows classified as cyclic were observed only on d 42 (n = 5) and d 56 (n = 5) postpartum. Atl other cows were classified as anestrous. Following classification of cows as anestrous or cyclic, data from cows slaughtered on d 42 and 56 postpartum were pooled for analysis. The effect of day postpartum and ovarian status on affinity of binding (K a) and concentration (fmol/mg) of 3H-NAL binding sites in the HYP and POA were analyzed by split-plot analysis of variance (ANOVA). A separate split-plot ANOVA was performed to compare 3H-NAL binding in HYP, POA and BF of cyclic vs anestrous cows. Means were compared using a Student Newman-Keuls procedure modified to accommodate unequal sample sizes (Snedecor and Cochran, 1980) .
Results
Assay Validation. Procedures used to valb date the binding assay were carried out on bovine hypothalamic tissue, equivalent to dissected HYP and POA in later studies, that was obtained from a commercial source 6 or obtained fresh from a local slaughterhouse. Specific binding of 3H-NAL to homogenates of brain tissue was maximized by homogenization for at least 15 s and completely eliminated by boiling (10 min) the homogenate. Specific binding was not affected by incubation times between .5 and 4.0 h and by incubation temperature of 4 and 25 ~ C. Among tissues of bovine brain, concentration of specific binding was maximal in hypothalamus, but it was present also in thalamus, cerebellum and neurohypophysis. However, there was no specific binding in homogenates of skeletal muscle. Variation among duplicate assay tubes for each level of tissue equivalent was acceptable, with an average coefficient of variation of 3.6% for total binding and 5.2% for nonspecific binding in a preliminary experiment using triplicate tubes and six levels of tissue equivalents.
The results in Figure 1 show that addition of unlabeled naloxone in amounts eighffoId greater than 3H-NAL decreased total binding to less than 40% of control. Increasing the concentration of unlabeled naloxone to lO,O00-fold greater than 3H-NAL did not decrease total binding much further. These results show that nonspecific binding averages about 30 to 35% of total binding and that nonspecific binding can be estimated using a single high level (10 -6 M) of unlabeled naloxone when the concentration of 3H-NAL ranges from 10 -x~ to 10 _9 /91. Data in Figure 1 also show that addition of Pel-Freeze Biologicals; Rogers, AR. unlabeled morphine, in the presence of 150 mM NaC1, decreased total binding of 3H-NAL in a manner parallel to that of unlabeled naloxone. Morphine, when incubated with 150 mM NaCI to decrease affinity of this agonist, was 164-fold less potent than naloxone, which agrees with data for rat brain (Pert and Synder, 1974) . Addition of an enkephalin analog (D-AIa 2 met-enkephalin), also with 150 mM NaC1, was even less able to decrease binding of 3H-NAL because a 1,000-fold excess decreased binding to only 78% of control (Figure 1) .
Scatchard plots of specific binding of 3H-NAL obtained by assaying two levels of homogenates of hypothalamus from two animals are given in Figure 2 Concentration of specific binding for 3H-NAL in HYP tissue did not differ among groups, but differences were observed in POA tissue. Cyclic cows on d 42 + 56 had a lower (P < .05) concentration of sites in POA than did anestrous cows on d 28, whereas the mean for anestrous cows on d 42 + 56 was intermediate and not different from any group.
Due to an oversight, BF tissue was not analyzed in 13 of the 20 anestrous cows. However, BF tissue was analyzed in all 10 cyclic cows and in 7 anestrous cows representing d 7 (n = 1), 14 (n = 3), 28 (n = 2) and 42 (n = 1). Binding data for BF tissues of these 17 cows and for HYP and POA tissues of all 30 cows are summarized in Table 2 . These data were divided into anestrous (all days postpartum) and cyclic (d 42 + 56 groups). Affinity of binding did not differ between anestrous and cyclic in any tissue. Concentration of binding sites was higher (P < .05) in POA tissue and in BF tissue of anestrous cows than cyclic cows but did not differ in HYP tissues. When averaged across all cows, concentration of sites in BF tissue (2.5 -+ .2 fmol/mg) was higher (P < .01) than in POA (1.9 + .1 fmol/mg) and greater (P < .01) in POA than in HYP (1.5 + .1 fmol/mg).
Data on Postpartum Cows. Binding data for HYP and POA tissues for all PP cows are summarized in Table 1 . The affinity constant (Ka) for 3H-NAL binding in HYP and in POA tissue did not differ (P > .05) among groups by ANOVA. However, K a for both tissues tended
Discussion
Other data from the cows in the present study have been published Spicer et al., 1986) . Results pertinent to gonadotropin secretion in these cows showed an increase in pituitary LH stores and in vitro releasability during the early part of the post- blndicates no differences among affinity constants. c'd'eMeans (-+ SE) for concentration of sites without a common superscript differ (P < .05).
partum period . However, there were no differences among the present groups in either pituitary receptors for GnRH or secretory patterns of serum LH. Therefore, the significant change in concentration of 3H-NAL binding sites represents the only parameter examined that changed during the specific period when estrous cycles were being reinitiated. The present tissues were frozen for over 3 yr prior to quantification of 3H-NAL binding, and the effect of long-term freezing on opioid receptors is unknown. However, repetitive freezethaw cycles of bovine hypothalamus did not decrease binding of 3H-NAL beyond that of the first freeze-thaw cycle (33% decrease; unpublished data).
Although K a did not change, concentrations of binding sites for 3H-NAL in POA tissue (Table 1) decreased numerically in a stepwise fashion from a maximum on d 28, to d 42 + 56 (anestrous) and even further to a minimum on d 42 + 56 (cyclic). A similar difference was observed in BF tissue when comparing all anestrous cows vs the cyclic group (Table 2) . The decrease in concentration of binding sites for 3H-NAL in POA and BF tissue when postpartum cows reinitiate estrous cycles may reflect a decreased ability of EOP to inhibit the pulsatile secretion of LH, which is necessary for reinitation of ovarian cyclicity. The decrease also may reflect feedback effects of endogenous progesterone, which increased for the first time since parturition in cyclic cows. Concentration of 3H-NAL binding sites was greater in BF tissue than in POA or HYP tissues, which agrees with data obtained in the ewe (Trout et al., 1987) . Tissue dissected as BF in this study contained the following anatomical areas: ventral part of the septum, diagonal band of Broca, nucleus accumbens and rostra[ parts of the POA. In vitro binding of radioactive opioids to brain sections followed by autoradiography has revealed increased densities of opioid binding in many of these structures in rats (Atweh and Kuhar, 1977) and other species (Ronai, 1983) . Similar autoradiographic studies of the bovine brain will be required to localize the binding more accurately than was possible with homogenates of dissected BF tissue. Rostral POA and BF areas are regions of special interest because in rats they contain stainable quantities of enkephalin and fl-endorphin (Wamsley et al., 1980; Finley et al., 1981) and are sexually dimorphic in the distribution of opioid binding sites (Hammer, 1984 (Hammer, , 1985 . In the same brain area, Watson et al. (1986) reported an especially dense concentration of met-enkephalin staining unique to the female rat and found that this staining pattern could be induced by exogenous estrogen. Another important characteristic of the rostral POA and BF areas in sheep is a large concentration of GnRH cell bodies (Lehman et al., 1986) .
In conclusion, significant changes in tissue concentration of binding sites for 3H-NAL were detected in some brain regions of suckled beef cows as they escaped from postpartum anestrus and reinitiated their first estrous cycle. It remains to be determined whether these
